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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention: 

This Invention relates to a polymer electrolyte which includes a sulfonated polystyrene resin, further to a polymer 
aggregating agent and a disposal of waste water 

10 2. Description of Prior Art: 

The polystyrene resin is transparent, and is excellent in electric properties, rigidity, and resistance to water. In addi- 
tion, it requires less cost for production. Accordingly, the polystyrene resin is used alone, or as copolymers and alloys 
in combination with other resins to serve as a material of buffering members (foamed styroQ. packing materials, or cab- 
15 inets and parts of electric appliances and automobiles, and has been used as widely as polyolefin resins represented 
by polyethylene. 

The polystyrene resin is used not only as a structural element as described above, but can be used, for example, 
as an agglutinating agent after it has been converted to a polymer electrolyte. 

Recently, a world-wide attention has been directed to protection of natural environment, arxJ preservation of clean 
20 water resources is thought as a key to the problem. Under these circumstances, legal regulations controlling liquid 
waste discharged from plants and general households as are specified in the sewage control law become more strict. 

To control waste water, recourse has been made to purification by a variety of polymer aggregating agents. TTie pol- 
ymer aggregating agent widely used includes non-ionic/anion types for industrial water wastes, and cationic types for 
r _ -_ General sewage and^humm e^ agente are chqsen as appropriate accordjrig-t^^ 

25 given application, they are required of. In common, having properties to clean liquid waste, concenti-ate it and remove 
water content from it. Of these properties, the cleaning activity of a suspension is most important, and demand for that 
activity has been increasingly strengthened from the viewpoint to protect environment from pollution because tiie filtrate 
produced after sewage has been treated with an aggregating agents discharged into rivers, lakes and the sea in local 
areas. 

30 Under these circumstances, trials have been made in which two kinds of polymer aggregating agents are combined 

r a polymer aggregating agent is combined with a metal compound, to give a product capable of reducing the chemical 
oxygen demand (COD) and turbidity of a filtrate. 

However, conventional technologies have not produced yet any aggregating agents that can satisfactorily clean a 
suspension, and improvement of conventional technologies involved in water treatment has been desired. 

35 

OBJECTS AND SUMMARY OF THE INVENTION 

This invention intends to provide a polymer electrolyte which dissolves suff icientiy readily into water. 
In addition, this invention intends to provide a polymer aggregating agent which is highly potent in purifying a sus- 
40 pension, and to provide further a liquid waste disposal which is highly effective for the purification of a suspension . 

Furthermore, this invention intends to provide a polymer aggregating agent which is highly potent in purifying a sus- 
pension and can reduce the water content of produced cakes. 

The polymer electrolyte of this invention contains a sulfonated polystyrene resin as a principal ingredient, in addi- 
tion to an inorganic pigment, and is water soluble. 
45 The presence of the inorganic pigment, during sulfonation of the polystyrene resin, inhibits cross-linking reactions, 
thereby suppressing gelation of the product. Through this maneuver, unnecessary polymers are not generated in water 
, and water-soluble polymer electrolytes can be stably obtained. 

The polymer aggregating agent of this invention contains a polymer compound as a principeil ingredient, and, in 
addition, carbon black. The liquid waste disposal this invention provides consists of adding the polymer aggregating 
so agent to liquid waste, aggregating suspended matters, and removing the aggregated matters by filtration. 

Use of a polymer aggregating agent supplemented with carbon black or use of a polymer aggregating agent 
together with caitoon black will enhance the purification activity of that agent towards a suspension. 

The polymer aggregating agent of this invention contains a sulfonated styrene polymer as a principal ingredient and 
has a molecular weight of 150,000-600,000. 
55 Use of a styrene polymer having a comparatively large molecular weight will enhance the purification activity of the 
product towards a suspension, and reduce the water content of resulting cakes. 

The polymer elertrolyte of tiiis invention contains, in addition to an inorganic pigment, a sulfonated polystyrene 
resin as a princqDal ingredient and is water soluble. 
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The inorganic pigment may include either carbon black or titanium oxide, or both, and the content may be 1 x 1 0"^ 
- 15 wt%. or more preferably 5 x 10"^ - 5 wt%. 

CartDon black and titanium oxide can be chosen from any general products that are used as a colorant of resins, a 
reinforcing agent or an agent conferring electroconductivity. For example, carbon black can be chosen from any prod- 
s acts that have been produced by a'channel methodrfurnace^ 

A carbon black product which has been produced by any one of those methods may be used, or carbon black prod- 
ucts which have been produced by different methods may be used in conobination. It preferably has an average particle 
size of 5-500nm, or more preferably 10-50nm. Trtanium oxide may have a rutile. anatase, or ultra-fine structure. Trta- 
nium oxide with any one structure may be used or titanium oxide crystals with different structures may be used in com- 
w bination. It preferably has an average particle size of 0.01 -50nm, or more preferably 0.05-1 Onm. 

The polystyrene resin may consist of a single polystyrene compound, or a copolymer of a styrene with other mon- 
omers. When the polystyrene resin consists of a copolymer, the styrene unit preferably occupies 30 mol% or more. The 
polystyrene resin may be alloys or blends which result after the styrene unit has been combined with other polymers. 
In this case, the polystyrene resin preferably occupies 20 wt% or more of the total product. 
15 The styrene copolymer may include styrene-butadiene, styrene-acrylonitrile, styrene-butadiene-acryionitriie, sty- 
rene-(metha)acrylate (aliphatic hydrocarbons with 1-4 carbons). styrene-acrylonitrile-(metha)-acrylate esters (aliphatic 
hydrocarbons with 1-4 carbons), styrene-butadiene-(metha) acrylate ester (aliphatic hydrocartx>ns with 1-4 carbons), 
styrene-anhydrous maleate, and styrene-an hydrous itaconic acid. Of them preferred are styrene-butadiene. styrene- 
acrylonitrile. styrene-butadiene-acrylonrtrile. styrene-acrylonitrile-(metha)acrylate esters (aliphatic hydrocarbons with 
20 1 -4 carbons), and styrene-butadiene -(metha)-acrylate esters (aliphatic hydrocarbons with 1 -4 carbons), and styrene-a 
nhydrous maleate. Of them, styrene-butadiene. styrene-acrylonitrile. styrene- butadiene-acrylonitrile, and styrene- 
anhydrous maleate are particularly preferred. These styrene copolymers may be used alone or incombination with pol- 
ystyrene or other styrene copolymers. The polystyrene resin preferably has a molecular weight of 5.000-10.000.000. 
more preferably 50,000-1 00,000. or further more preferably 1 00.000-500,000. 
25 When the polystyrene resin is made into an alloy, or used as a blend, other polymers to be combined with the alloy 
or blend may include polyphenylene ether, polycartx)nate, polyphenylene sulfide, polyamide (nylon), polyethyl- 
enetelephthalate. and polybutylenetelephthalate. Of them particularly preferred are polyphenylene ether and polycar- 
bonate. Any one of them may be used alone, or two or rrK>re of them may be used in combination. 

The above-described polymer electrolytes can be used as an aggregating agent for the treatment of liquid waste, 
30 dispersant for cement production, thinning a gent for paper production, electroconductive agent for copying machines, 
and anti-static electricity agent. They are particularly well suited for the treatment of liquid waste, dispersal of cement 
particles, thinning of paper fibers and electroconduction of the toner particles of copying machines. 

The manufacture of the polymer electrolyte of this invention is to produce the polymer electrolytes as described 
above, and consists of converting a polystyrene resin into a water-soluble polymer electrolyte by sulfonating the resin 
35 in the presence of an inorganic pigment. 

The polystyrene resin may be chosen from among those described above, and can be also adopted from a new 
material (virgin material) specially prepared for the production of the polymer electrolyte of this invention, or from wastes 
(waste materials) from plants, shops artd households. Or. a combination of virgin and waste materials may be used. As 
seen from above, this invention can recycle polystyrene resins which have been mass-produced as a general-purpos- 
40 eres in and wasted, and hence is very beneficial for the protection of global environment from artificial pollutants. From 
this point of view, it is desirable for this invention to adopt waste materials as a source of polystyrene resins rather than 
virgin materials. As a source of polystyrene resins, it is desirable to resort to wastes from plants and shops than those 
from general households, because the wastes from plants and shops may be more or less homogenous in composition. 

Prior to sulfonation, the polystyrene resin is dissolved in an organic solvent, or dispersed there, to which is added 
45 a sulfonating agent. When a polystyrene resin Is used in combination with another polymer, the two compounds are dis- 
solved or dispersed in an organic solvent. 

The organic solvent preferably includes halogenated aliphatic hydrocarbons with 1-2 cartoons, particularly 1.2- 
dichloromethane, chloroform, dichloromethane. and 1,1-dichloroelhane. To this organic solvent is preferably added the 
polystyrene resin at 0.5-50 wt%, or more preferably 2-20 wt%. though the addition is more or less dependent on the 
so — molecular weight of the resin: : 

Saturated or unsaturated cyclic hydrocarbon compounds may be used. The saturated cyclic hydrocarbon com- 
pound may include cydopenthane. methylcyclopenthane. cyclohexane, methylcyclohexane. ethylcyclohexane, p-men- 
thane, bicyclohexyl, dekalin, sabinane, etc. The unsaturated cyclic hydrocarbon compound may include cyclohexane, 
monocyclic monoterpene (limonene, sylvestrene. and terpinene). dicyclic monoterpene (carene. pinene, sabinene, and 
55 camphene), and terpinorene. Of these cyclic hydrocarbons, saturated cyclic hydrocartx5ns are more preferred. 

The solvent which can coexist with such a cyclic hydrocarbon may include, in addition to atx)ve-described aliphatic 
hydrocarbons, paraffin hydrocarbons with 1-7 carbons, acetonitrile. carbondisulfide, tetrahydroflan, tetrahydrobllan, 
acetone, methylethylketone, thiophene, etc. Of them particularly preferred are paraffin hydrocarbons, acetonitrile. tet- 
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rah/droflan. and acetone. 

The sulfonating agent may include anhydrous sulfuric acid, fuming sulfuric add. chlorosulfbnic acid, and concen- 
trated sulfuric acid. The addition of the sulfonating agent is preferably set to 0.5-2.0 mol for every benzenering in the 
branched chain of the polystyrene resin, or preferably 0.7-1 .5 mol. When a polyphenylene ether or polycarbonate resin 

s is used in combination, benzene rings in the backbone of this resin and benzene rings in the above-described polysty- 
rene resin should be taken into account, to determine the amount of the sulfonating agent to be added. If addition of the 
sulfonating agent is too little, the product would be insufficiently sulfonated and its solubility to water would be also insuf- 
ficient. On the contrary, if addition of the sulfonating a gent is too much, cross-linking reactions within and among mol- 
ecules would be enhanced, which would lead to increased production of by-products, and solubility of the product to 

10 water would be also impaired. 

The sulfonating agent may be used in combination with a Lewis base. In this case, the Lewis base may include alkyi 
phosphates such as triethylphosphate and trimethylphosphate, dioxane, anhydrous acetic acid, ethyl acetate, diethyl - 
ether, thioxane. etc. 

The sulfonating reaction preferably takes place at 0-80°C. or more preferably at 10-60°C. 

IS It is inportant to allow either carbon black or titanium oxide or an inorganic pigment to coexist during the sulfbna- 
tion. During the sulfonation, either carbon black or titanium oxide, or both are preferably allowed to exist at a concentra- 
tion of 1 X 10'^ • 25 wt%. or more preferably at 5 x 10""* - 10 wt%. 

The inorganic pigment may be added to the reaction system prior to sulfonation so that it can coexist during sul- 
fonation occurring subsequently, or inorganic pigment remains in the polystyrene resin may be used instead. Typically, 

20 polystyrene resin waste contains carton black or titanium oxide as an additive, and when the content satisfies the 
above-described requirement, the polystyrene resin waste can undergo sulfonation without any deliberate addition of 
an inorganic pigment. The resin supplemented previously with an inorganic pigment disperses more readily in a reac- 
tion system. The resin supplemented with an inorganic pigment in advance preferably contains the pigment at 0.002- 
_ _ _ ._ _50_v4_%,par1icularly^^^^ _ _ _ ____ _ __ __„ ^ „„____ _ 

25 When an inorganic solvent is allowed to coexist during the sulfonation of a polystyrene resin as described above, it 
improves the disperstoility of the resin so that reaction proceeds evenly This inhibits cross-linking reactions within and 
among involved molecules, thereby suppressing the production of by-products insoluble to water Thus, presence of an 
inorganic solvent in the reaction system ensures stable production of water-soluble polymer electrolytes, improves the 
dispersibility of polymer electrolytes, and allows stable production of polymer electrolytes even in quality. 

30 The reaction system, after sulfonation as described above, is allowed to react with a basic compound to be neutral- 
ized. The basic compound may include hydroxides and carbonates of alkali metals and alkali earth metals, ammonia, 
and primary to tertiary aikyi amine compounds. It may be added neat or as a solution gradually until the system is com- 
pletely neutralized. When it is added as an aqueous solution, its addition varies according to the molecular weight of 
the polystyrene resin, but preferably is 1-100 times, or more preferably 2-50 times the total weight of the resin. When 

35 the neutralization reaction is completed, the solvent may be removed by fractional distillation or evaporation. 

Above procedures produce a water-soluble polymer electrolyte containing an inorganic pigment. Although gener- 
ally the polymer electrolyte containing an inorganic pigment is excellent in its homogenous dispersibility when dissolved 
in water, it may be removed of the inorganic pigment by filtration as needed. 

In addition, this invention enables disposal of liquid waste by utilizing the polymer electrolyte containing cartx>n 

40 black as an agg-egating agent, or by utilizing the polymer aggregating agent in connbination with carbon black. 

Caffoon black to be used in this invention may include the products generally used as a coloring agent or a reinforc- 
ing agent of resins, or as a oonductivity-confen-ing agent. Carbon black can be chosen from any products that have 
been produced by a channel method, fumace method or thermal method. A carbon black product which has been pro- 
duced by any one of those methods may be used alone, or carbon black products which have been produced by differ- 

45 ent methods may be used in combination. It preferably has an average particle size of 5-500nm. or more preferably 1 0- 
50nm. 

When carbon black is placed in waste water, minute particles and organic elements suspending in the water cluster 
together around carbon black particles as nuclei, to form aggregates. These tiny aggregates, thanks to the polymer 
aggregating agent cluster further together to form larger aggregates, which are then removed by filtration. This will 
50 result in reduction of the turbidity and COD of the filtrate. 

In above procedure, whether carbon black is added after having been combined with the polymer aggregating 
agent, or it is added independently of the polymer aggregating agent, the resulting effect will be the same. However, it 
is preferable for carbon black to be combined with the polymer aggregating agent prior to use, because then the poly- 
mer aggregating agent will disperse more evenly in waste water, arxl require no complicated processes as would be 
55 necessary if these agents were added separately. 

If they are added separately, any one of the two may come first, but it is more preferable to add carbon black first. 
When carbon black is combined with the polymer aggregating agent, its addition is preferably set to 0.01-20 wt%, 
or more preferably 0.05-10 wt% with respect to the polymer content of the polymer aggregating agent. When carbon 



tAsick is added independently of ihe polymer aggregating agent to waste water, its added amount is typically 0.005-1 000 
ppm, or preferably 0.01-200 ppm, although the amount n^y be adjusted more or less according to the concentration of 
suspended particles (SS) in the water. If the added amount is too little, the filtrate, even after being removed of aggre- 
gates, will still hold a considerable fraction of turbidity and COD. On the contrary, if the added amount is too much, car- 
bon black wiHremain in the fiitrateror interfere with aggregationof suspended particlesr- 

The polymer compound constituting the polymer aggregating agent may include sulfonates of polystyrene resins, 
non-ionic or anionic acrylamide resins, or cationic resins. They may be used alone or in combination. Non-ionic, anionic 
and cationic polymer aggregating agents appropriate for this invention will be given for illustration. 

< Non-ionic polymer aggregating agents ) 
They may include polyacrylamide and polymethacrylamide, and preferably polyacrylamide. 

( Anionic polymer aggregating agents ) 

They may include (m6tha)acrylate resins such as polyacrylamide and polymethacrylamide having undergone par- 
tial hydrolysis, copolymers of an acrylic acid or methacrylic acid with acrylamide or methacrylamide, or their salts, 
arKi triple copolymers of an acrylic acid or methacrylic acid with acrylamide or methacrylamide, and 2-acrylamide- 
methylpropane sulfonic acid or vinylsulfbnic add. and their salts. 

Preferred are polyacrylamide having undergone partial hydrolysis, copolymers of an acrylic acid with acryla- 
mide and their salts, and triple copolymers of an acrylic acid with acrylamide and 2-acrylamide-methylpropane sul- 
fonic add, and their salts. 

The polystyrene sulfonate polymer may include polystyrene, styrenebutadiene, styrene-acrilonitrile, styrene-buta- 
diene-acrilonitriie. styrene-(metha)acrylate, styrene-(metha)acrylate ester (aliphatic hydrocarbons with 1-4 car- 
bons), styrene-butadiene-{metiia)acrylate ester (aliphatic hydrocarbons witii 1-4 cartxjns) , styrene-anhydrous 
maleic add, and styrene-anhydrous itaconic add. 

The polystyrene sulfonate polymer may include polystyrene, styrene-butadiene. styrene-acrylonitrile, styrene-buta- 
diene-acryionitrile, styrene-(metha)acryiate, styrene-(metha)acrylate esters (aliphatic hydrocarbons with 1-4 car- 
bons), styrenebutadiene-(metiia)acrylate esters (aliphatic hydrocarbons with 1-4 carbons), styrene-anhydrous 
maleate. and styrene-anhydrous itaconic add. Of them preferred are polystyrene, styrene-butadiene, styrene- 
acrilonitrile, styrene-butadiene, and styrene-anhydrous maleic acid. 

Other polymers may include polyphenylene ether, polycarbonate, polyphenylene sulfide, and polyethyleneteleph- 
thalate, and of them preferably polyphenylene ether and polycarbonate. 

The anionic polymer aggregating agent can be prepared by recycling polystyrene resins which are massiaroduced 
as a general-purpose resin material for many products, and hence can incorporate convenientiy sulfonates of polysty- 
rene resins. 

< Cationic polymer aggregating agents ) 

Prefen-ed are polymers of the quaternary compound of dialkyla'Ti>noa!kyl(metha)acrylate (for example, with metiiyl 
chloride, benzyl chloride, etc.) or its salts (inorganic salts such as chlorinates, sulfates, etc., and organic salts such 
as acetates, etc.) or their compolymers with (metha)acrylamide. 

For example, polymers of the quaternary compound of dimethylaminoetheracrylate with methylchloride, or 
their copolymers with acrylamide are preferred. 

Polymers of the quaternary compound of dialkylaminoalkyi(metiia)acrylamide or their acidic salts, or their copoly- 
mers with (metha)acrylamide are preferred. 

For exanple, copolymers of the quaternary compound of dimethylaminopropylacrylamide incorporating meth- 
ylchloride, with acrylamide are preferred. 
Conripounds which are produced after polyacrylaunide has been made to have a cation 

for example, those that are produced after polyacrylamide has undergone Mannig's degeneration or Hoffman's 
decomposition. 

Compounds which are produced after epihalohydrine-amine has been condensed, and they include, for exannple, 
a polymerized condensate between ephihalohydrine and alkyl^i^^ diamine with 2-8 carbons. 
Polydimethyldialylammonium chloride 

Condensates of dicyandiamide, and they include, for example, formalin condensates of dicyandiamide and ammo- 
nium chloride. 
Polyethylene imine 



EP 0 818 420 A1 



Polyvinytimizazoline 
Acid salts of chitosan 

The cationic polymer aggregating agent preferably includes polymers of the quaternary compounds of dialkylami- 
5 noalkyi (metha)acrylate or their acid salts, and their copolymers with (metha)acrylamide, polymers of the quaternary 
compounds of diaikylaminoalkyl(metha)acrylamide or their acid salts, or their copolymers with (metha}acrylamide, and 
acid salts of chltos€in. 

A plurality of polymer aggregating agents with the same ionic type may be comblnedp or a plurality of polymer 
aggregating agents with a combination of anionic and non-ionic activities, or with a cationic and non-ionic combination 
10 may be used. 

The polystyrene resin may be chosen from new materials (virgin material) specially prepared for the production of 
polymer electrolytes of this Invention, or from wastes (waste materials) from plants, shops and households. Or, a com- 
bination of virgin and waste materials may be used. As seen from above, this invention can recycle polystyrene which 
has been mass-produced as a general-purpose resin, and hence is very beneficial for the protection of global environ- 
15 ment from artificial pollutants. From this point of view, it is desirable for this invention to adopt waste materials as a 
source of polystyrene resins rather than virgin materials. Since many of waste polystyrene resin materials contain car- 
bon black, and will provide, when the polystyrene resin has been converted to a sulfonate, an aggregating agent con- 
taining a sufficient amount of carbon black. 

For a polystyrene resin to be sulfonated, it is only necessary to dissolve or disperse the polystyrene resin in an 
20 organic solverrt, and to add a sulfonating agent to the solution. The solution, after sulfonation. is neutralized through 
reaction with a basic conpound, and the solvent is removed by fractional distillation or by evaporation. The solvent pref- 
erably includes aliphatic halogenated hydrocarbons with 1 -4 carbons represented by 1 ,2-dichtorohexane. and aliphatic, 
cyclic compounds represented by cyclohexane. 
_ _____ - „ _This.irTvention "Tay rei^cle pwlyrner. elecfr 

25 ent. and whose molecular weight is 1 50.000 to 600,000. 

The polystyrene resin used for this purpose may be chosen from new materials ( virgin material) specially prepared 
for the production of polymer electrolytes of this invention, or from wastes (waste materials) from plants, shops and 
households. Or, a combination of virgin and waste materials may be used. This invention can recycle polystyrene which 
has been mass-produced as a generaliDurpose resin, and hence is very beneficial for the protection of global environ- 
so ment from artificial pollutants. From this point of view, it is desirable for this invention to adopt waste materials as a 
source of polystyrene rather than virgin materials. 

The above-described polymer aggregating agent can be obtained by allowing specified amounts of styrene poly- 
mer, sulfonating agent and solvent to mix and undergo sulfonating reaction. 

For this sulfonating reaction, addition of the styrene polymer is preferably set to 0.1-30 wt%, or more preferably to 
35 0.5-20 wt%. If the styrene polymer is allowed to have a concentration lower than above range, it will be difficult to intro- 
duce sulfone group into the styrene polymer. On the contrary, if the styrene polymer Is adjusted to have a concentration 
exceeding above range, gels will readily develop during sulfonation. or a large fraction of polymer will remain unreacted. 

Sulfonation reaction is preferably allowed to proceed at 0-100*'C. or more preferably at 15-80<'C. If the reaction tem- 
perature Is set below this range, sulfonation will hardly take place, and the yield of polymer aggregating agent will be 
40 reduced. 

Further, the sulfonating reaction Is allowed to take 10 minute to 10 hours, more preferably 30 minutes to 5 hours 
(the time required for dropwise addition of the sulfonating agent Is not included). 

The solution, after having completed sulfonation In the manner as described above, has sulfone group neutralized 
by the addition of a neutralizing agent, and is removed of its solvent through evaporation, to produce the target polymer 
45 aggregating agent. 

The neutralizing agent may include oxides, hydroxides, carbonates, acetates, sulfates and phosphates of basic 
compounds such as alkali metals (sodium, lithium, potassium, etc.) and of alkali earth metals (magnesium, calcium, 
etc.), ammonia, and various (primary to tertiary alkyi) amine compounds. The neutralizing agent may be slowly added 
as a solid or an aqueous solution to the reaction system, to neutralize sulfone group introduced into the styrene poly- 
50 met. Removal of the solvent may take place through fractional distillation or evaporation. 

The thus-obtained polymer aggregating agent must have a molecular weight of 150,000 to 600,000, or more pref- 
erably 200.000 to 500.000. The polymer aggregating agent of which the sulfonated styrene polymer has a molecular 
weight lees than 150,000 will lose the activity to aggregate suspended particles in a suspension, and rather disperse 
those suspended matters into the solvent. On the contrary, if the sulfonated styrene polymer has a molecular weight of 
55 600.000 r more, it will cause suspended particles to aggregate into coarse masses, not being able to purify water suf- 
ficiently, and the resulting cake will contain too much water. 

For this polymer aggregating agent. 40 mot% or more, or preferably 50 mol% or more sulfone group Is introduced 
into the styrene polymer. The polymer aggregating agent, of which the styrene polymer contains 40 mol% or less sul- 
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fbne group, will become less soluble to water, and thus greatly lose the aggregating activity towards suspended matters 
In a suspension. 

As discussed above, for the desired amount of suHbne group to be introduced into the styrene polymer to produce 
a proper polymer aggregating agent, the styrene unit preferably occupies 60 mot%, or more preferably 80 mol% or more 
of the'styfenepolym^ 

to obtain a polymer aggregating agent in which the desired amount of sulfone group can be introduced through sulfbna- 
tion. 

The thus-obtained polymer aggregating agent may be used in combination with another aggregating agent consist- 
ing of acrylamide polymer with non-ionic and/or anionic activity, for the treatment of waste water. The agent in question 
may be used in combination with another aggregating agent with cationic activity as well. 

Any one of non-iortic. anionic, or cationic polymer aggregating agents that have been cited above may be used. 
The polymer aggregating agent, when used in combination with another aggregating agent, may be combined with 
the latter prior to use. or may be added separately during use. Particularly, when it is used in combination with a cationic 
polymer aggregating agent, it is preferably added separately during use. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Polymer electrolyte containing an inorganic substance 

20 A resin was prepared by grinding following substances with a milling machine. 

(a) Polystyrene 

• • • Aldrich, molecular weight (Mw) = 280.000 (free from inorganic pigments) 

(b) High inpact polystyrene 

housing material for VHS cassette tapes 
(containing 1 wt% carbon black) 

(c) High impact polystyrene: alloy with polyphenyleneether 

housing material of facsimile machines 
(containing 2 wt% titanium oxide) 

35 

(d) Polystyrene: alloy with polyphenyleneether 

housing material of CD-ROM drives 
(containing 2 wt% carbon black) 

AO 

Example 1 

Sixty gram of polystyrene (a) was dissolved in 540g of 1 ,2-dichloroethane, to which was added 0.5g of carbon black 
(a standard product for coloration, HCC type, having an average particle size of 9-1 4nm). The mixture was heated to 
45 50**C. to which was dropwise added 77g of 60% fuming sulfuric acid over 30 minutes. 

A slurry product developed in the reaction system, but there was no gel adherence on the wall of the reaction vessel 
throughout the reaction process. 

After dropwise addition, for further 30 minutes, the mixture was kept at the same temperature for sulfonation. and 
while the reaction proceeded an aqueous solution of sodium hydroxide was added for neutralization. Then, the mixture 
-50— was heated to remove 1.2<lich!oroethane through evaporation.-and the residue was dissolved in^TO^ 

adjusted with sodium hydroxide to give pH 8. This procedure gave a 20 wt% aqueous solution of the polymer electro- 
lyte. 

The thus obtained aqueous solution of the polymer electrolyte was allowed to stand at room temperature for one 
month, and still held a good homogenous dispersibility. 

55 

Example 2 

A solution was produced after 6.93g of high Impact polystyrene (b) was dissolved in 63g of 1 ,2-dichloroethane. The 
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first solution and 9.33g of 60% fuming sulfuric add were simultaneously added dropwise over 60 minutes to a solution 
which was produced after 2.44g of triethylphosphate had been added to 70g of 1,2-dlchloroethane. During dropwise 
addition, the reaction system was controlled to be in the range of 20-25''C. 

Carbon black contained in the high impact polystyrene (b) dispersed evenly in the reaction system, and produced 
5 stable, slurry compounds with the progression of sulfbnation. In this example either, there was no adherence of gel sub- 
stances to the wall of the reaction vessel. 

After dropwise addition, for further 30 minutes, the mixture was kept at the same temperature Ibr sulfbnation. and, 
while the reaction proceeded, an aqueous solution of sodium hydroxide was added for neutralization. Then, the mixture 
was heated to remove 1 ,2-dichloroetiiane through evaporation, and the residue was dissolved in water to give a 20 wt% 
10 aqueous solution of the polymer electrolyte. 

The thus obtained aqueous solution of the polymer electrolyte was allowed to stand at room temperature for one 
month, and still held a good homogenous dispersibility. 

Example 3 

IS 

A solution produced after O.Sg of triethyl phosphate had been added to 70g of 1 ,2-dichloroethane, while being kept 
at 20-25**C. was added to 0.27g of anhydrous sulfuric acid. A solution produced after 7.0g of alloy (c) of high impact 
polystyrene-polyphenylene etiier had been dissolved in 63g of 1 ,2-dichloroethane, and 5.4g of anhydrous sulfuric add. 
while being kept at the same tenperature, were simultaneously added dropwise over 60 minutes to the foregoing mix- 
20 ture. 

Titanium oxide contained in the high impact polystyrene (c) dispersed evenly in the reaction system, and produced 
stable, slurry compounds with the progression of sulfbnation. In this example either, there was no adherence of gel sub- 
stances to the wall of the reaction vessel. 

_ _ After jdrppvvi^e addition, 32g of an_aqueous.Mlut[on corite^ with _ _ _ 

25 ' stin-ing to the reaction system for neutralization. Then, the rriixture was heated to remove the solvent through evapora- 
tion, the residue was dissolved in water, and the aqueous solution was adjusted by tiie addition of sodium hydroxide to 
giv pH 8. This procedure produced an aqueous solution containing 30 wt% polymer electrolyte. 

The thus obtained aqueous solution of the polymer electrolyte was allowed to stand at room temperature for one 
month, and still held a good homogenous dispersibility. 

30 

Example 4 

The same procedure was employed as in Example 3 except that an alloy (d) of polystyrene-polyphenylene ether 
was used instead of the alloy of high impact polystyrene-polyphenylene ether (c), to produce an aqueous solution of 
35 polymer electrolyte. 

In this case too, carbon black contained in the alloy (d) of polystyreneiDOlyphenylene ether dispensed evenly in tfie 
reaction system, and produced stable, slurry compounds with the progression of sulfonation. In tiiis example either, 
there was no adherence of gel substances to the wall of tiie reaction vessel. 

The thus obtained aqueous solution of the polymer electrolyte was allowed to stand at room temperature for one 
40 month, and still held a good homogenous dispersibility. 

Comparativ e Example 1 

The same procedure was employed as in Example 1 except that carbon black was not added, to produce an aque- 
45 ous solution of polymer electrolyte. 

In this Comparative Example, about 10 minutes after dropwise addition of fuming sulfuric acid, a solid mass of gel 
substances developed In the reaction system, and. on completion of the dropwise addition, the gel sut>stances adhered 
to the wall of the reaction vessel. In addition, these gel substances remained insoluble to water or alkaline aqueous 
solutions. 

50 

Evaluation of performance 

Comparison of Example 1 and Conparative Example 1 showed that the presence of carbon black inhibits tfie 
development f by-products insoluble to water while polystyrene is undergoing sulfbnation. 
55 Example 2 further revealed that waste materials derived from used polystyrene resins can provide a good yield of 
aqueous solution of polymer electrolyte, and that used polystyrene resins already contain a sufficient amount of carbon 
black. 

Further, results from Examples 3 and 4 demonstrated that an alloy of polystyrene resin with another polymer can 
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provide an aqueous solution of polymer electrolyte as good as that provided by a polystyrene resin alone. 

Polymer aggregatino agent containing carbon black 

5 Example 5 — [ ~~ 

Twenty-five wt% aqueous solution of polystyrene sodium sulfate was prepared as a polymer aggregating agent, to 
which was added cartwn black (for coloration of plastics. HCC type, having an average particle size of 9-1 4nm) to 0.1 
wt%, and allowed to disperse. This solution was made the sample of Example 5. 

10 

gyam pie 6 

High impact polystyrene (used housing materials for VHS cassette tapes, containing 2 wt% carbon blad^ was dis- 
solved in 1 ,2-dichtoroethane. to which was added dropwise anhydrous sulfuric acid at 20-25°C for sulfonation. Then an 
15 aqueous solution of sodium hydroxide having the same molar concentration with the anhydrous sulfuric acid was added 
for neutralization, and the solvent was removed by evaporation, to produce an aqueous solution of polymer aggregating 
agent containing 20 wt% polymer. This solution also contained 0.2 wt% carbon black. This was made the sample of 
Example 6. 

20 Example 7 

An aqueous solution of 0.05 wt% partially hydrolyzed polyaaylamide was prepared as a polymer aggregating 
agent, to which was added carbon black similar to that in Example 5 to 0.005 wt%. and was allowed to disperse. This 
was made the sanple of Example 7. 

25 

Example 8 

The sample of Example 5 and that of Example 7 were mixed at a volume ratio of 1 :1 . This was made the sample 
of Example 8. 

30 

Ex^mpl^ 9 

A 0.2 wt% Of aqueous solution of the quaternary compound of dimethylaminoethylmethacrylate with methylchloride 
was prepared, to which was added carbon black similar to that in Example 5, to 0.01wt%. and allowed to disperse. This 
35 was made the sample of Example 9. 

Comparative Example 2 

The same aqueous solution as in Exanple 5 was prepared except tiiat carbon black was not added. Thus, an aque- 
40 ous solution of 25 wt% polystyrene sodium sulfonate was made the sample of Comparative Example 2. 

Comparative Example 3 

The same aqueous solution as in Example 7 was prepared except that carbon black was not added. Thus, an aque- 
45 OUS solution of 0.05 wt% partially hydrolyzed polyacrylamide was made tiie sample of Comparative Example 3. 

Comparative Example 4 

The same aqueous solution as in Example 8 was prepared except that it did not contain carbon black Thus, a 1 :1 
so — (in a volume ratio) mixture of the sample of Comparative Example 2 and that of Comparative Exan^ 
sample of Comparative Example 4. 

Comparative Examole 5 

55 The same aqueous solution as in Example 9 was prepared except that carbon black was not added. Thus, an aque- 
ous solution of 0.2 wt% polymer of the quaternary compound of dimethylaminoethylmethacrylate with methylchloride 
was made the sample of Comparative Example 5. 
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Evaluation of oerformance 

The above samples were submitted to following tests to evaluate their performance of treating waste water. 
Firstly, waste water discharged from an electronic parts manufacturing plant (pH 3.2. having an SS concentration 

5 of 0.5 wt%, and having a COD concentration of 50 ppm) was sampled, to which was added 500 ppm of aluminum sul- 
fate. The resulting suspension was made a test substrate with which to evaluate the performance of the samples. Hun- 
dred milliliter aliquots (100ml) of the test substrate were placed in 200ml volumetric cylinders with a cap. The samples 
from Examples 5-8 and Comparative Examples 2-4 were separately added to the test substrate to give a concentration 
of 5.0 ppm. Immediately thereafter the volumetric cylinder was stirred by being placed upside down and returned 

10 r^eatedly ten times, and allowed to stand. While it was left to stand, tiie sedimentation rate of suspended particles, the 
turbidity of the filtrate after sedimentation, and tiie COD of ttie supernatant were determined. The results are shown in 
Table 1 



IS [Table 1] 





Sedimentation rate 
(nVhour) 


Turbidity (ppm) 


COD (ppm) 


Examples 


23 


40 


11 


Example 6 


22 


35 


10 


Example 7 


25 


63 


14 


Examples 


25 


38 


11 


-Comparative Example 2 


- ---- 22 -- ---- -- 


- -_-73--- ---- 


„ -_17. - 


Comparative Example 3 


20 


80 


23 


Comparative Example 4 


24 


70 


18 



30 From Table 1 it is obvious that all the samples from Example 5-8 have a basic property as a polymer aggregating 

agent, and are especially more active in reducing the turbidity of tiie filtrate after sedimentation than the samples from 

Comparative Exanples 2-4 which contained no carbon black. 

Above results demonstrate tiiat a polymer aggregating agent, when combined with carbon black, becomes greatiy 

improved in its treatment activity towards waste water, particularly in its purifying activity towards suspensions. It was 
35 also found that the polymer aggregating agent may include polyetiiylene sodium sulfonate and partially hydrolyzed 

polyacrylamide. and that polystyrene sodium sulfonate may include materials prepared from used polystyrene resins. 
Mixed slurry discharged from a sewage treatinent plant (pH 6.8, having an SS concenfration of 2.8 wt%, and a COD 

concentration of 250 ppm) was sample to be used as a test substrate wrtii which to evaluate the performance of tiie 

samples. The samples from Example 9 and Comparative Example 5 were separately put into jars containing the test 
40 substrate while the substrate being stirred, at a rate of 0.5 wt% for every SS percent. The mixture was left to stand, and 

the sedimentation rate, turbidity and COD of the supernatant were determined. The results are shown in Table 2. 
As a reference. 200 ppm of carbon black was added to the test substrate, and the sample of Comparative Example 

5 was added at 0.5 wt% for every SS percent, and the same measurement was undertaken for.the resulting mixture. 

This case was taken as Example 10, and tiie results are shown under the heading of Table 2. 

45 



[Table 2] 





Sedimentation rate 
(nVhour) 


Turbidity (ppm) 


COD (ppm) 


Example 9 


40 


21 


18 


Comparative Example 5 


35 


49 


34 


Example 10 


38 


28 


23 



55 

From Table 2 the following finding was obtained. When a mixture including carbon black and an aqueous solution 
of polymer aggregating agent was added to the test substrate (Example 9); or when tiie aqueous solution of polymer 
aggregating agent was added following the addition of carbon black (Example 10). tiie sewage treatment activity was 
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more enhanced, or more specifically the test substrate became more effectively purified than was possible with the sin- 
gle use of the aqueous solution of polymer aggregating agent not being supplemented with carbon black (Comparative 
Example 5). From this, it was indicated that a polymer aggregating agent when supplied with carbon blacK whether the 
supply occurs prior to or during treatment, will be greatly improved in its treatment activity towards waste water. 



Polymer aqareaatina agents including a styrene polymer of a comparatively large molecular weight 
Example 1 1 

10 The polymer aggregating agent of Example 1 1 included polystyrene sodium sulfonate (Sdenfrf ic Polymers Co.) or 
a sulfonated styrene polymer. In this example, polystyrene sodium sulfonate was adjusted to have a molecular weight 
of 17. 5x 10^ 

Example 12 

IS 

The polymer aggregating agent of Example 12 included polystyrene sodium sulfonate (Scientific Polymers Co.) 
whose molecular weight was 50.0 x 10"*. 

Example 13 

20 

The polymer aggregating agent of Example 13 was prepared as follows. 

High impact polystyrene (used housing materials for VHS cassette tapes, having a molecular weight of Mw = 1 7.7 
X 10"^) was dissolved in 1 ,2-dichloroethane, to which was added dropwise anhydrous sulfuric acid at 20-25'*C for sul- 
fonation. 

25 Then an aqueous solution of sodium hydroxide having the same nx)lar concentration with the anhydrous sulfuric acid 
was added for neutralization, and the solvent was removed by evaporation, to produce an aqueous solution of polymer 
aggregating agent. This solution was made the sample of Example 13. . 

The polymer aggregating agent of Example 13 contains polystyrene sodium sulfonate having a molecular weight 
of 350,000. 

30 

Exqmple 14 

The polymer aggregating agent of Exanple 14 was obtained in the same manner as In Example 13 except that 
used housing materials of TV were used as high impact polystyrene (Mw = 22.4 x 1 0^), The polymer aggregating agent 
35 of this example contained polystyrene sodium sulfonate whose molecular weight was 450,000. 

Example 15 

The polymer aggregating agent of Example 15 was obtained after a hydrolyzed product of the polyacrylamide por- 
40 tion of an anionic polymer aggregating agent had been added to the polymer aggregating agent of Example 13 at a 
weight ratio of 1:1. 

Example 16 

45 The polymer aggregating agent of Example 1 6 was obtained after tiie quaternary compound of dimethylamlnoethy- 
lacrylate with methylchloride as a cationic polymer aggregating agent and the polymer aggregating agent of Example 
13 had been introduced into a test subsb*ate in the manner described below for mixture. 

Example 17 

.so 

The polymer aggregating agent of Example 1 7 was obtained after the quaternary conpound of dimethylaminoetiiy- 
lacrylate with methylchloride as a cationic polymer aggregating agent and tiie polymer aggregating agent of Example 
15 had been introduced into a test substi-ate in the manner described below for mixture. 

55 Comparative Example 6 

The polymer aggregating agent of Comparative Example 6 consisted of polystyrene sodium sulfonate (Scientific 
Polymers Co.) having a molecular weight of 7.0 x lO'^. 
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Comparative Exanple 7 

The polymer aggregating agent of Comparative Example 7 consisted of polystyrene sodium sulfonate (Scientific 
Polymers Co.) having a molecular weight of 120 x 10"*. 

5 

Comparative Example 8 

The polymer aggregating agent of Comparative Example 8 was obtained after the quaternary compound of dimeth- 
ylaminoethylacrylate with methylchloride as a cationic polymer aggregating agent and the polymer aggregating agent 
10 of Conparative Example 6 had been introduced into a test substrate in the manner described below for mixture. 

Comparative Example 9 

The polymer aggregating agent of Example 14 was obtained after the quaternary compound of dimethylaminoefhy- 
75 lacrylate with methylchloride as a cationic polymer aggregating agent and the polymer aggregating agent of Compara- 
tive Example 7 had been introduced into a test substrate in the manner described below for mixture . 

Examples 1 1 to 1 7 and Comparative Examples 6 to 9 prepared as above were examined for their treatment activity 
towards waste water as follows. 

20 Determination of activity 

Waste water discharged from an electronic parts manufecturing plant (pH 4.8, and having an SS concentration of 
1 .2 wt%) was sampled, to which was added 500 ppm of aluminum sulfate. The resulting suspension was made a test 
_ _ -^ubstrat^virtth which to waluate the performs of the^anriples. HundrKJ m (100ml) of the test substrate 

~2S were "placed in 200ml volumetric cylindereTwith a~cap."The samples from Examples T1 -TS'and Comparative^&^ 

6-7 were separately added to the test substrate to give a concentration of 10.0 ppm. Immediately thereafter the volu- 
metric cylinder was stin-ed by being turned upside down and returned repeatedly ten times, and allowed to stand. While 
it was left to stand, the sedimentation rate of suspended particles, the turbidity of the filtrate after sedimentation, and 
the water content of residual solid (cake) were determined. The results are shown in Table 3. 

30 



rable 3] 





Sedimentation rate 
(nn/hour) 


Turbidity (ppm) 


Water content of cake 
(ppm) 


Example 1 1 


20 


24 


70 


Example 12 


22 


28 


72 


Example 13 


20 


22 


73 


Exanrple 14 


22 


20 


71 


Example 15 


25 


20 


70 


Comparative Example 6 


1 






Comparative Example 7 


21 


85 


76 



From Table 3 It is obvious that all the samples from Examples 11-15 have a basic property as a polymer aggregat- 
ing agent, and are far more active in reducing the turbidity of the filtrate after sedimentation than the sample from Com- 
parative Exanrple 7 whose molecular weight Is outside the range of 150,000-600.000. This result demonstrates that a 
so polymer aggregating agent which contains a sulfonated styrene polymer as a principal Ingredient and has a molecular 
weight in the range of 150.000-600.000 is greatly improved in its treatment activity towards waste water, especially in 
its purification of suspensions. 

It was also found that the sanples of Examples 11-15 are more effective in reducing the water content of dehy- 
drated cakes than those from Comparative Examples 6 and 7 or the polymer aggregating agents with a molecular 
55 weight being outside the range of 150,000-600.000. This result demonstrates that a polymer aggregating agent with a 
molecular weight in the rginge of 150,000-600.000 is greatly improved in its treatment activity towards waste water, 
espedally In its recovery of purified water from sewage which will be served for reuse. 

It was further ascertained that the polymer aggregating agent may include partially hydrolyzed polyacrylamide, and 
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that polystyrene sodium sulfonate may include materials prepared from used polystyrene resins. 

Mixed slurry discharged from a sewage treatment plant (pH 6.6. and having an SS concentration of 2.8 wt%) was 
sampled to be used as a test substrate with which to evaluate the performance of the samples. The sanples from 
Examples 16 and 17, and Comparative Examples 8 and 9 were separately put into jars containing the test substrate 
5 — while-the-substrate~being-stirredrThe~added"amount"was"so~adjusted~a^^ 

dimethylaminoethylacrylate with methylchloride for every percent of SS. Then, polystyrene sodium sulfonate specific to 
Examples 16 and 17 and to Comparative Examples 8 and 9 was added at a ratio of 0.15 wt% to every percent of SS. 
The mixture, after being stirred, was left to stand, and the sedimentation rate, turbidity of the filtrate after sedimentation, 
and the water content of cakes were determined. The results are shown in Table 4. 

10 



[Table 4] 





Sedimentation rate 
(m/hour) 


Turbidity (ppm) 


Water content of cake 
(ppm) 


Example 16 


38 


28 


72 


Example 1 7 


40 


25 


70 


Comparative Example 8 


20 


61 


76 


Comparative Example 9 


38 


56 


78 



From Table 4 it Is obvious that, as with the case for sewage from an electronic parts manufacturing plant, the use 
of a polymer aggregating agent containing a sulfonated styrene polymer as a principal ingredient and having a molec- 
25 ular weight of 150,000-600.000 is far more active in reducing the turbidity of the filtrate after sedimentation, and in 
reducing the water content of cake produced after dehydration of the sediment than the samples from Comparative 
Examples 8 and 9. 

It was further ascertained that the polymer aggregating agent may include, in addition, the quaternary compound 
of dimethylaminoethylacryiate with methylchloride, and that polystyrene sodium sulfonate may include materials pre- 
30 pared from used polystyrene resins. 

Claims 

1. A polymer electrolyte which contains an Inorganic pigment, includes a sulfonated polystyrene resin as a principal 
3S ingredient, and is soluble to water. 

2- A polymer electrolyte as described in Claim 1 wherein the inorganic pigment is either cartaon black or titanium 
oxide. 

40 3- A polymer electrolyte as described in Claim 1 wherein the polystyrene resin is derived from a waste material. 

4. A method of producing a polymer electrolyte which is characterized by sulfonating a polystyrene resin in the pres- 
ence of an inorganic pigment, thereby changing it into a water-soluble polymer electrolyte. 

45 5. A method of producing a polymer electrolyte as described in Claim 4 wherein the inorganic pigment is added prior 
to sulfonation. 

6. A method of producing a polymer electrolyte as described in Claim 4 wherein the inorganic pigment has been com- 
bined with the polystyrene resin prior to use. 

-50 

7. A method of producing a polymer electrolyte as described in Claim 4 wherein the polystyrene resin is derived from 
a waste material. 

8. A method of producing a polymer electrolyte as described in Qaim 4 wherein the polystyrene resin has been dis- 
55 solved in a solvent prior to sulfonation. 

9- A method of producing a polymer electrolyte as described in Claim 4 wherein the inorganic pigment is either carbon 
black or titanium oxide. 
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10. A polymer aggregating agent which is characterized by containing a polymer connpound as a principal ingredient, 
and cartx)n black in addition. 

1 1 . A polymer aggregating agent as described In Claim 10 wherein the polymer compound is a sulfonate of a polysty- 
rene resin. 

12- A polymer aggregating agent as described in Claim 10 wherein the polymer compound is a non-ionic or anionic 
acrylamide resin. 

13- A polymer aggregating agent as described in Qaim 10 wherein the polymer compound is a cationic resin. 

14. A polymer aggregating agent as described in Claim 11 wherein the polymer compound is derived from a waste 
material. 

1 5. A method of treating waste water which consists of adding a polymer aggregating agent which contains a polymer 
compound as a principal ingredient in addition to carbon blacK to waste water, thereby aggregating suspended 
matters, and of removing aggregated matters by f atration. 

1 6. A method of treating waste water which consists of adding a polymer aggregating agent which contains a polymer 
connpound as a principal ingredient, and cart>on blacK to waste water, thereby aggregating suspended matters, 
and of removing aggregated matters by filtration. 

17. A polymer aggregating agent which contains a sulfonated styrene polymer as a principal ingredient, and whose 
_ ___ molecular weight js 150.000 to.eqo^^^^^ 

18. A polymer aggregating agent as described in Claim 17 wherein the styrene polymer contains, through sulfonation, 
40 mol% or more sulfone group with respect to the total weight of monomer units. 

1 9- A polymer aggregating agent as described in Claim 1 7 wherein the styrene polymer is derived from a waste mate- 
rial. 

20- A method of treating waste water which consists of adding a polymer aggregating agent which contains a polymer 
compound as a principal ingredient and whose molecular weight is 150.000-600,000. to waste water, thereby 
aggregating suspended matters for removal. 

21. A method of treating waste water as described in Claim 20 wherein the styrene polymer contains, through sulfona- 
tion, 40 wt% or more sulfone group with respect to the total weight of monomer units. 

22. A method of treating waste water as described in Claim 20 which is characterized by adding the styrene polymer 
and a non-ionic and/or anionic acrylamide polymer to waste water 

23. A method of treating waste water as described in Claim 20 which is characterized by adding the styrene polymer 
and a cationic polymer to waste water. 



14 



AppUcaticxi Number 

E-P-97-11-1476- 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wHh indication, where appropriate, 
of relevant passages 



DATABASE WPI 

Section Ch, Week 8706 

Derwent Publications Ltd., London, GB; 

Class A97. AN 87-041G19 

XPGO2043O13 

& JP 62 OOQ 590 A (LION CORP) . 6 January 
1987 

* abstract * 

GB 967 607 A (DOW CHEMICAL) 

* claims 1-13 * 

EP 0 096 244 A (HOECHST) 

* claims 1-10 * 

DATABASE WPI 

Section Ch, Week 9111 

Derwent Publications Ltd., London, GB; 

Class A18, AN 91-078475 

XP002043014 

& OP 03 026 731 A (SANYO CHEM IND LTD) . £ 
February 1991 

* abstract * 

DATABASE WPI 

Section Ch. Week 8922 

Derwent Publications Ltd., London, GB; 

Class A13, AN 89-161791 

XPG02043015 

& JP 01 104 335 A (LION CORP) , 21 April 
1989 

* abstract * 



The present search report has been drawn'up'for all olalma 



Place a( asafeti 



THE HAGUE 



Relevant 
to claim 



I. 2,10. 

II, 17 



10,12,13 



1.11.12, 
17,18 



1.2 



Dale of conpletion of the eeerch 

9 October 1997 



CLASSIFICATION OF THE 
APPUCATION (fntCt.6) 



C02F1/56 

C02F1/54 



TECHNICAL FIELDS 
SEARCHED (lntCL6) 



C02F 



Fouquier, J-P 



CATEGORY OF CfTED DOCUMEffTS 

X : partloularty relevant ff taken alone 

Y : partieutarty relevant if combined with another 

document of the aanne category 
A : technological background 
O : non-written (fisclosure 
P : intermediate document 



T : theory or prinofsle underlying the invention 
E : earlier patent document, but publahed on, or 

after the fSng date 
O : document cited in the application 
L : document cited for other reaaona 



& : meniier of the same patent fanuty, oorretponding 
document 



15 



